Henshaw pointed out that these birds perform overwater flights of about 2400 miles between Hawaii and Alaska. We have had the opportunity in recent years to study this species on Wake Island, and in the present report attention is focused principally on the special energy requirements of the plovers migrating to and from this island.
HABITATS

ON WAKE ISLAND
Wake Island has several habitats frequented by shorebirds (for details of habitats, see Bryan, 1959 and Fosberg, 1959) . Large areas at the apex of the triangular lagoon are exposed at low tide. These flats of bare sand and mud are bordered with a pemphis (Pemphis acid&a)-purslane (Sesuvium portulacastrum) vegetation, which also surrounds a number of tide pools. Adjacent to the main taxiways near the air terminal is a salt-water pond, a favorite shorebird resting and feeding site, especially at high tide. Along the air strips are more than two miles of grassy vegetation up to 100 feet or more in width on either side. This grassy area is utilized extensively by Golden Plovers and occasionally by Ruddy Turnstones.
Much of the land area of the island is vegetated with an open forest of tree heliotrope (To-urnejortiu argenteu) . This habitat is utilized by plovers in winter only. Very few shorebirds are found on the eight miles of outer shoreline beaches composed of coralline rubble and reef rock.
MIGRATION
Golden Plovers occur on Wake Island from late summer to late spring, being generally absent from early June to late July. From 8 to 16 June 1963, the only shorebirds observed on the island were a Wandering Tattler (Heteroscelus incanum) and a Sharp-tailed Sandpiper (Erolia acuminata), each being seen on only one occasion. During the period 20 to 28 July 1963, no shorebirds were present until 27 July when a flock of six plovers, eight turnstones, and one tattler arrived. Alexander Wetmore, who was on Wake in 1923 from 27 July to 5 August, observed 20 or more turnstones, three tattlers, and small flocks of Golden Plovers commonly in southward migration during that period (personal communication). In the period 22 to 30 August 1964 the first plovers were seen on the morning of 28 August, four of them feeding with six turnstones. Between 1200 and 1430 more than 50 additional plovers arrived. These birds left the island during the night or early morning; only four plovers could be found on the following morning. Another flock of 40 or more arrived at midday and once again departed before the next morning, with only eight plovers, five turnstones, and three tattlers present the next day. By 1600 only two plovers and two tattlers remained Apparently the first southbound plovers reach Wake Island in late July. These birds do not necessarily arrive in large flocks and seldom remain on the island for more than a few hours. Those individuals that winter on the island evidently arrive at a later date. Unfortunately no observations have been made during peak migration in the fall.
Observations of wintering birds were made from 21 December 1963 to 5 January 1964, and 19 December 1964 to 9 January 1965. In 1963 and 1964 more than 500 plovers were present on the island, but there were only about 200 in 1964 and 1965. Other species were present only in small numbers. Wintering shorebird populations were unstable, with a continuous flux of individuals and small flocks. Adverse weather frequently accompanied the arrival of uncommon species such as Dunlin (Erolia a&&z), Sanderling (Crocethia &a), Greater Yellowlegs (Totanus me2anoleucus)) Snipe (Cape&z ga.&zugo) , Pintail (Anas acuta) , Garganey' s Teal (A. garguney), and Shoveler (Spat&r c2ypeata). These arrivals were sometimes accompanied by new plovers, turnstones, tattlers, and sharptails; they seldom remained very long and might represent inter-island movements of many wintering species.
Our earliest spring observations began on 11 April 1964, and at that time less than one-half the number of plovers were present than had been on the island in January. Plover counts were made several times a day until 26 April and indicated a constant flux of birds. Numbers of plovers present on a given day fluctuated from less than 30 to several hundred. Small groups were continually arriving and departing, and the number of birds occupying winter territories steadily decreased during this period.
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As for molting rectrices, our April birds fell into one of two groups. Some individuals had all new rectrices, whereas others had replaced all the rectrices except the outer two pairs. By examining molting rectrices in numerous birds, we became proficient in distinguishing new feathers from old ones; the lateral "notches" and tips of the new feathers were distinctly yellower than those same areas (pale white) on the old feathers. Molting rectrices were detected in only three of the August birds but were found in nine birds of the December sample. Rectrix molt begins with the central pair, but from that point laterad the pairs of rectrices are not dropped consecutively. In one August male, for example, pairs (numbered from inside outward) 1 and 2 were new, 3 ensheathed, 4 and 5 old, and 6 ensheathed. Another August male had pairs 4, 5, and 6 all ensheathed, but 6 was longer than 4, which was longer than 5. Some of these variations in the sequence of rectrix replacement may account for variations in color and markings of the outermost rectrices, as discussed below.
SEX AND AGE CHARACTERISTICS
Inasmuch as we were able to net and band a few Golden Plovers, reliable criteria were desirable for the separation of the sexes and age groups in the hand. Some authors contend that Golden Plovers in breeding plumage are alike in color (Ridgway, 1919); others (Witherby et al., 1947; Gabrielson and Lincoln, 1959) suggest minor sexual color differences, the female being browner below and having more white abdominal feathers than the male. The many individuals that we examined in breeding and near breeding plumages showed that the sexes are usually separable in this plumage because the superciliary stripe is usually whiter in the male. This separation, however, may be difficult unless the two extremes are at hand. Another valuable sex characteristic is the color and pattern of the outermost rectrix; in males this feather is usually barred black and white, whereas in females it is virtually unbarred and gray-brown. There is considerable individual variation in these patterns, however; in a few males (proven by dissection) the outer r-e&rices were unbarred and gray-brown and some females even had these feathers more or less barred like the usual male pattern. These variations were probably not due to age differences alone because most of them were found in birds in breeding plumage.
In the winter plumage the whiteness of the superciliary stripe was unreliable for separating sexes. In our December sample, and in a few April individuals, the only external clues to sex were patterns in the outermost rectrix.
Wing length was unreliable in the separation of sexes (table 2) . In wing length our sample from Wake Island, incidentally, resembled more closely the Siberian sample measured by Vaurie (1964) .
No satisfactory method for distinguishing first-year birds from adults was found. Certainly our August sample consisted of adults alone because all of them had some black underparts and several were molting primaries and rectrices. Upon dissection, no bursa of Fabricius could be located in any of our birds.
BODY WEIGHT AND LIPID VARIATIONS
Twenty-seven birds were weighed in April, 11 in August, and 12 in December (table 3) . The April birds, averaging 153 g, were significantly heavier than both the August (133 g; P < 0.01) and December (130 g; P < 0.001) birds. The birds in April were taken over a wider span of time (16 days) than the August and December samples, however, and probably included both premigrants and intramigrants. The April weight data were definitely bimodal, as is reflected in the frequency distribution of body lipids ( fig. 1) . The bimodality was not associated with day of the month or sex. There was a conspicuous breaking point in the weights at about 150 g, and not uncommonly our sampling on a given day would yield both heavy (> 150 g) and light (< 150 g) birds. Because increases in body weight can be positively correlated with increase in body lipids (see discussion beyond and fig. 2 ), it appears likely that the heaviest birds in April were winter residents that had essentially completed premigratory lipid deposition and were ready to migrate.
Baker ( With these various data (flight speed, lipid quantities, and rate of metabolism in flight), it now becomes possible to estimate flight distances in the Golden Plovers obtained on Wake Island. These are summarized in table 4 where, for each of the sampling periods, we have calculated flight estimates for birds of average fat-free weight and for the fattest and leanest individuals. We feel justified in using fatfree weight as the basis for calculating energy requirements in flight because the rate of basal metabolism (from which flight metabolic rate was computed) was obtained from a light individual weighing, on the average, 118 g, a value close to the fat-free Periodically, samples of plovers were collected for studies of molt, body weight, and lipid extractions. In 1964 27 birds were taken in April, 11 in August, and 12 in December. An additional two birds were taken alive in a mist net for measurement of basal rate of metabolism. Both the April and August migrants were molting body feathers; molting primaries were detected in August (and a few December) birds. Thus, our data do not confirm the contention of Henshaw that Golden Plovers in the spring molt before they migrate or, in the autumn, migrate before they molt. Among the December birds sparse body molt was noted, but some were still molting primaries and rectrices.
On the average the April birds weighed more (153 g) than the August (133 g) and December birds (130 g). Maximum weights in April were 192.1 and 190.5 g. Despite these average body weight differences, the average body lipids in April and August were similar (26.5 and 22.8, respectively). Lipid contents amounted to a maximum of 180 per cent of the nonfat dry weight, a value which is considerably less than that obtained by other workers for small migrating passerines.
Basal rate of metabolism was found to be 0.0047 kcal/g-hr. at 31" C. Flight speed for the species is believed to be about 65 mph, and we assume, from the investigations of LeFebvre, that flight energy expenditure is eight times the basal rate. Thus the fattest (by extraction) plovers in April had an estimated flight range of about 6200 miles; those in August, 5900 miles; and those in December, 2500 miles. Our combined data also indicated that only a plover containing at least 18 g of lipids and weighing about 150 g will attempt the 2400-mile flight from Wake Island to the Aleutian Islands or Kamchatka Peninsula, or vice versa. Plovers arriving on Wake in the autumn from the north still contained, on the average, 22 g of lipids.
Details of migration in the American race of the Golden Plover are also discussed and re-examined. We believe, contrary to earlier estimates, that if these birds do fly nonstop from Nova Scotia to South America, they accomplish the flight in some 37 hours and consume only about 18 g of lipids.
